We describe an enzyme-linked immunosorbent assay for determination of light-chain ratios for lgG, IgA, and 1gM in serum. A commercial serum with known overall K and A concentrations was used as standard. To capture the respective immunoglobulins, we used antibodies to y, a, and /h chains coated onto microtiter plates. Peroxidase-conjugated anti-K and anti-A chain antisera were reacted with light chains on the captured immunoglobulins, and the amount of enzyme bound was monitored with o-phenylenediamine and ureahydrogen peroxide as substrates. Calculation of absorbance ratios allowed determination of K and A chain concentrations of individual immunoglobulins in the standard and samples. Within-run and between-run CV5 (n = 25) ranged from 5.9% to 13.0% for "high," "normal," and "low" ic/A ratios for lgG, IgA, and 1gM. The thoroughness of light-chain detection, expressed as, e.g., (lgAK + IgAA)/(total IgA), for 150 sera was 91-110%. The detection limit was 1 g/L. Reference intervals (mean ± SD) for ic/A ratios in sera from 100 apparently healthy adults were 2.34 ± 0.80 for lgG, 1.59 ± 0.40 for lgA, and 1.86 ± 0.76 for 1gM.
Inimunoglobulin light chains comprise icand A isotypes.
Unlike the heavy chains, they have no recognized adjunctive functions besides idiotypic antibody specificity. About 65% of immunoglobulins in normal serum are of the ictype and 35% are of the Atype, a ic/Aratio of 2 (1) . Abnormal ic/A ratios have been reported in light-chain deficiency and acute lymphoblastic leukemia, and have been used for detection of monoclonal paraproteinemia (2) (3) (4) . However, these studies, which involved quantilring light chains by radioimmunoassay (5) , immunodiffusion (6, 7) , and immunonephelometry (8, 9) , measured only the total ic and A chain concentrations of all immunoglobulins. Their results therefore represented essentially the light-chain ratio of the most abundant serum immunoglobulin, usually IgG. Moreover, the lack of a suitable standard calibrated for the K and A concentrations of individual immunoglobuhins has hindered the development of assays to determine individual K/A ratios of IgG, IgA, and 1gM. We describe below an enzyme-linked immunosorbent assay (ELISA) for the determination of the light-chain ratios of individual immunoglobulins, with use of a commercial human-serum with known overall ic and A concentrations as standard. to coat microtiter plates (Lab Systems OY, Helsinki, Finland) or 12 x 75mm polystyrene tubes (Elkay Products Inc., City of Commerce, CA 90040). The same antisera, conjugated with horseradish peroxidase (EC 1.11.1.7; Dakopatts), were used to determine IgG, IgA, and 1gM, as well as K and A light-chain concentrations. All antisera were checked for specificity by Ouchterlony double immunodiffusion and immunoelectrophoresis.
Materials and Methods

Apparatus
They were stored at 4#{176}C and diluted before use.
For the ELISA, we used 50 mmollL sodium carbonatebicarbonate, pH 9.6, as the coating buffer. The assay buffer was phosphate-buffered saline (PBS; 10 mmol/L K2HPO4, 150 mmolJL NaC1, pH 7.5) containing 100 mL of fetal calf serum (Flow Laboratories, North Ryde, NSW, Australia) per liter. Bovine serum albumin (BSA; Sigma Chemicals, St. Louis, MO 63178), 100 g per liter of PBS, was used to block the nonspecific binding sites on the microtiter plates. The wash solution was PBS containing Tween 20 surfactant (Sigma), 5 mL/L. The peroxidase substrate solution contained 20 mg of urea-hydrogen peroxide (BDH Chemicals Ltd., Poole, Dorset, U.K.) and 70 mg of o-phenylenediamine dihydrochloride (Sigma) in 100 mL of substrate buffer (per liter, 100 mmol of citric acid and 200 mmol of Na2HPO4, pH 5.0).
Assay Procedure
Microtiter plates were coated by overnight exposure to 100 LL per well of rabbit antisera to human IgG, IgA, and 1gM, diluted 2000-fold in coating buffer, at 4 #{176}C. Before use, the plates were washed 10 times with wash solution, unbound sites were blocked with the BSA solution at 37#{176}C for 1 h, and the plates were washed again. Samples and standards appropriately diluted (from 0 to 200 pg/L for IgG, IgA, and 1gM) in assay buffer were introduced, 100 L per well, in duplicate. After incubation at 37#{176}C for 3 h, the plates were washed, then peroxidase-conjugated anti-K and anti-A antisera, both diluted 500-fold in wash solution, were added to appropriate wells. After further incubation at 37#{176}C for 2 h, the washing was repeated. We then added 100 L of the substrate solution, let the reaction proceed for 15 mm at room temperature, then stopped it by adding 50 pL of 4 mol/L H2SO4. The color developed in each well was measured at 450 nm. 
By calculation of absorbance (A) ratios
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Results
Standard
curves. Figure 1 illustrates EUSA standard curves for ic and A chains of IgG, IgA, and 1gM. The measurable ranges were from 1 to approximately 100 izgfL.
We found that use of bovine serum albumin blocking and 100 mL(L fetal calf serum in the assay buffer were essential to suppress the nonspecific background binding reaction.
Within-run and between-run reproducibilities.
The coefficients of variation (CVs) for 25 measurements at "high," "normal," and "low" ic/Aratios are summarized in Table 1 . In general, IgG ic/Aratios had the lowest and 1gM K/Aratios the highest CV.
Detection limits. These limits were all about 1 pg/L for both ic and A chains as well as for IgG, IgA, and 1gM. Thus the assays were also suitable for quantifying immunoglobulin production in our lymphocyte-culture work, because immunoglobulin concentrations in culture fluids seldom exceeded 100 1zgfL. 
Discussion
Our method should be an improvement on previous assays, because it measures icand A chain concentrations of individual immunoglobulins rather than the overall lightchain concentrations. As indicated by our study of normal subjects, the K/A ratios of the three major serum immunoglobulins differ. Under normal circumstances, the overall K/A ratio in serum is dictated by that of IgG (2.34 ± 0.80) because its concentration far exceeds those of IgA and 1gM. Our method therefore offers a more specific and sensitive means of studying diseases that involve predominant synthesis of one type of light chains (e.g., IgA nephropathy) or production of monoclonal paraproteins. We have used it to study the K/Aratios of IgG, IgA, and 1gM in sera of patients with rheumatoid arthritis, systemic lupus erythematosus, or hepatic cirrhosis (10) ; sera containing monoclonal paraproteins (11) ; and lymphocyte culture supernates in IgA nephropathy. This work was supported by a grant from the Croucher Foundation, Hong Kong.
